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BY 
J. R. Moore 

UNIFIED S-BAND 30-FOOT ANTENNA 
SIDE LOBE RADIATION 

Computations have been made to establish an upper bound for 
the near field side lobe energy density which may be expected from 
the S-band thirty-foot antennas when transmitting at a power level 
of ten kilowatts. 

The immediate problem is concerned with areas displaced 
about eight degrees from the axis of the main beam, at  ranges of 
two hundred feet and four hundred feet from the antenna. 

The results indicate that an energy density of less thanone 
milliwatt per square centimeter may be expected for angles greater 
than four degrees off the axis at a distance of four hundred feet and 
at angles greater than eight degrees off the axis a t  a range of two 
hundred feet. 

These figures apply to the radiation from the parabolic aper- 
ture and do not include possible leakage or indirect radiation. 

The computations by the analytical method are made in two 
steps. First, the relation between the off axis position and a posi- 
tion onthe axis at the same range is determined. Then the relation 
between the on axis position and a similar position in the far field 
is found. For the first computation, an aperture with uniform il- 
lumination is used sihce this is easier to compute and gives a 
higher off axis field intensity than the tapered illumination. In the 
second step, an aperture with tapered illumination is used. 

iii 



CONTENTS 

Page 

SUMMARY ................................ iii 

INTRODUCTION ............................ 1 

I. METHODS USED FOR THE ANALYSIS . . . . . . . . . .  1 

a .  AnalogueMethods . .  ..................... 1 
b. Graphical Solutions ...................... 3 
c .  Analytical Methods ...................... 4 

II. COMPARISON WITH EXPERIMENTAL RESULTS. .. 8 

a. RadarData ........................... 8 

III. CONCLUSIONS .......................... 9 

ACKNOWLEDGMENTS ........................ 11 

REFERENCES ............................. 11 

FIGURES ................................. 12 

V 



UNIFIED S-BAND 30-FOOT ANTENNA 
SIDE LOBE RADIATION 

BY 
J. R. Moore 

INTRODUCTION 

It is desired to determine the near field intensity created by the 10 KW 
continuous wave S-Band transmitter, operating with the 30-foot S-Band system 
at the proposed site in Bermuda. Figure 1 shows the dimensions of the reflect- 
ing surfaces as  proposed by Collins Radio Company on page II-2-6 of their Re- 
port (Reference 6) .  The field intensity is desired at  ranges of 200 and 400 feet 
from the antenna and at an angular displacement of 8 degrees from the center 
of the beam. These conditions a re  imposed by the terrain near the proposed 
location in Bermuda. 

I. METHODS USED FOR THE ANALYSIS 

a. Analogue Methods 

To prepare initial estimates of the near field intensity, a mathematical 
analogue was devised. This analogue consisted of a circle which was scaled to 
the size of the radiating aperture. The circle was divided into ten concentric 
bands, of equal width, a s  shown in Figure 2. Each band was coded to indicate 
the intensity of illumination at its particular radius. Radial lines were also 
drawn on the circle to divide the rings into incremental areas. 

A transparent overlay was then prepared, with scaled concentric circles 
representing the boundaries of the Fresnel regions at the specified range and 
wave length. The overlay is shown in Figure 3. The overlay was placed on the 
aperture chart, and the number of increments of each intensity is counted in 
each Fresnel region. The displacement between the center of the overlay and 
the center of the aperture is scaled to measure the angular displacement of the 
test point from the axis of the beam. Figure 4 displays the overlay on the center 
of the beam and Figure 5 shows the overlay displaced the equivalent of 5.30 de- 
grees from the beam. 
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For computation on or  near the center of the main beam, where the first 
and other low order Fresnel regions a re  involved, the phase distribution in the 
region was considered. However, at  displacements from the axis of the main 
beam such that higher order Fresnel zones a re  predominant, phase relations in 
the zones were assumed to integrate out. 

The results obtained from the analogue method a re  listed in Table I: 

Table 1 

Illumination 
Taper 

(1 -$) 

(1 -$) 

Edge To 
Center 

Power Ratio 

0 db 

-10 db 

-20 db 

-a db 

- a  db 

- a d b  

Range 

400 ft. 

400 ft. 

400 ft. 

400 ft. 

400 ft. 

4000 ft. 

Angle 
Off Axis 

0.0" 

o.oo 

o.oo 

0.0" 

5.3" 

0.0" 

Power Ratio 
To Axis At 
4,000 Feet 

23.56 

35.35 

43.17 

48.32 

0.11 

1.00 

Milliwatts Per 
Square Centimeter 

(10 KW Trans.) 

31.60 

47.38 

57.87 

64.77 

0.147 

1.34 

The illumination taper with 10 db and 20 db edge power level was ac- 
complished mathematically by extending the radius of the aperture artificially 
to R, and R2 such that the power level at the true radius R was  -10 db or  
-20 db according to the relation: 

Energy Ration = 1 -(-$j 
2 



Here, r is the distance from the center of the aperture and R, is an 
artificial aperture diameter which produces a 10 db energy level at the edge of 
the true aperture. Figure 6 is a graph of the electric intensity for zero, -20 db, 
and -10 db edge illumination. Figure 7 is a bar graph showing how the energy 
is distributed along the radius of an aperture illuminated by a 
taper. 

(1 - r2/R2) 

b. Graphical Solutions 

At this time we were able to obtain a copy of a new book (Reference 1) 
which had information pertinent to the subject of near field. Volume One, "Mi- 
crowave Scanning Antennas", edited by R. C. Hansen, discusses the near field 
in the first chapter. 

By consulting two curves in the chapter, and by making the necessary 
coordinate conversions, it is possible to estimate the near field intensity for a 
point at  400 feet range and 5.3" off the axis. 

On page 29, (Reference l), curves are given for the near field intensity 
for an aperture with a diameter of 10h. This aperture is illuminated by a 25 db 
circular field with Taylor distribution. Based upon these curves, a curve is de- 
veloped in Figure 8 with the coordinates changed to correspond to our aperture, 
that is, an aperture which has a diameter of 66.7h Since we a re  concerned with 
the area in the proximity of the point under study, the envelope of peak values 
should be used. To develop the curve in Figure 8 from the curves in Reference 
1, the envelope of the peak values for A = 0.75 was constructed. A similar en- 
velope for peak values for A = 1.25 was drawn. Figure 8, which represents 
the envelope for A = 1.00, was developed as the mean value of the envelopes 
for A = 0.75 and A = 1.25. 

The A factor, shown on the graph, is the ratio of the range, L , of the 
point under study, to the range, L, , of the transition point between the near and 
the far field. The range of the transition point, L, , is given by 

2D2 - -  
L, - h 

and 
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where : 

L, = range to transition point 

L = range to study point 

D = diameter of aperture 

h = wave length 

A = delta factor 

For the 30-foot aperture at S-band L, = 4000 feet. Thus A ,  for the point 
in question (400 ft.), has the value 0.1. 

For the above conditions, the curve in Figure 8 gives a field intensity 
ratio of 0.0316 between the 5.3" off axis point and a point on the axis at the same 
range. This is equivalent to a power ratio of (0.0316)2, o r  0.001. 

It is now necessary to determine the relation between the power density 
at a point on the axis at a range of 4000 feet to the power density at a point on 
the axis at  a range of 400 feet (A = 0.1). Figure 9, taken directly from Refer- 
ence 1, page 38, Figure 22, is included here for the convenience of the reader. 
This curve indicates that the power density at a point on the axis at 400 feet 
range (A = 0.1) is forty one (41) times greater than the power density at a point 
onthe axis at a range of 4000 feet ( A  = 1.0). 

By combining the information taken from the two curves it is seen that 
the power density at a point 5.3" off the axis at a range of 400 feet is 0.041 times 
the power density at a point on the axis at 4000 feet range. 

If the power density at  4000 feet on the axis is 1.34 watts per square 
centimeter, the power density at 5.3" off the axis at 400 feet range is 0.055 
watts per square centimeter. 

Although there is ample mathematical slack, in the two methods em- 
ployed to account for the difference in the results (0.147 m. w. per sq cm for 
the analogue method and 0.055 m. w. per sq cm for the curves) it was  decided 
that a more exacting computation should be made. 

c. Analytical Methods 

A search of current literature, with the assistance of the reference list 
in the "Microwave Scanning Antenna'' book (Reference 1) disclosed a paper en- 
titled "Fresnel Region Fields of Circular Aperture Antennas" (Reference 2) by 
Ming-Kuei Hu, published in 1961. 
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The method for  computing near field intensity, developed in this paper 
involves two approximations. First, the Newton iteration formula for the square 
root of a number is used; and second, the cosine of the angle off axis must be 
close to unity. Also the product of the radius of the aperture times the sine of 
the off axis angle must be small  relative to the range of the computation point. 

Within the foregoing limitations, Hu has developed a solution for the 
field intensity in terms of Lommel's functions for two variables. In his solu- 
tion, the two variables are y and u , defined as follows: 

Ka 
Y = -  r 

where 

277 
A K x -  

X = wave length of transmission 

a = radius of the aperture 

r = range to computation point 

6 = angle between the axis and a line from the aperture 
center to the computation point 

The situation is complicated by the necessity to use hand computational 
methods for the solutions. Unfortunately, available tables of Lomniel's Func- 
tions (Reference 3) a r e  very restricted and include only a few values which a r e  
of immediate interest. Table 2 is a listing of the Lommel Functions used. Hu, 
in Reference 2, indicates a method for  deriving Lommel Functions from Bessel 
Functions. The method involves a series in Bessel Functions, and in most cases, 
required about twenty terms for convergence. Also available Bessel Fcnction 
Tables (Reference 4) do not go beyond argument 29, thus restricting computa- 
tion to angles of less than 8.2" (U = 29) from the axis of the beam. This latter 
limitation is not serious since the topography calls for an evaluation in the 
proximity of 8 degrees off the axis. 

The Lommel Functions with argument 8.00 order 7.584 which were avail- 
able in the tables, were computed by series for comparison with values found in 
the tables. This serves as a check on the function computational method. The 
agreement is satisfactory since the Bessel Functions are given to only four 
places. 
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Table 2 
Values for Lommel Functions 

Order 

0.7584 
7.5840 

15.6800 
6.0674 
7.584 
6.067 
7.584 
7.584 
7.584 
7.584 
7.584 

15.168 
7.584 

15.168 

Argument 

0.00 
0.00 
0.00 
1.00 
1.00 
8.00 
8.00 

19 .oo 
20.00 
27.00 
28.00 
28.00 
29.00 
29.00 

Tables 
Ul 

+0.309245 
+O .457602 

u2 

+0.010907 
+O .113549 

Com] 
Ul 

+0.370 177 
-0.608386 
+0.963770 
- 0.060490 
- 0.0 68 0 00 

+0.457453 
- 0.046523 
t-0.032149 

+0.037866 
+0.093669 
+0.001487 
-0.002102 

+0.041894 

ited 
u2 

+0.071039 
+1.79 6154 
+O .733290 
+l. 761240 
+1.516400 

+0.113833 
- 0.0 3 049 8 
-0.025883 
-0.005110 
+0.006693 
+0.038384 

+O .05438O 
+0.010864 

The paper prepared by Hu, (Reference 2), presents methods for the solu- 
tion of circular apertures with uniform illumination. The solution for the ta- 
pered illumination involved the differential of the Lommel Functions. In view 
of the necessary differentials and also since there is not much difference in the 
field intensity, for relatively large off axis angles (8' to loo) ,  between uniform 
and tapered illumination, it was decided to make the computations for uniform 
illumination of the aperture. 

It should be observed that the attenuation along the beam axis for  an 
aperture of uniform illumination is considerably different from the attenuation 
along the beam axis for a tapered illumination. 

Since maximum probable values are desired for this computation, the 
attenuation along the axis will be taken for a tapered illumination, a s  shown in 
Reference 1 and the attenuation due to displacement from the axis will be com- 
puted for uniform illumination. The results of the computations a re  shown in 
Table 3. 

Although not directly applicable to the immediate problem, some com- 
putations w e r e  made at a range of 500 feet to check the computations against 
the corresponding data from Reference 2. The 500 foot range is equivalent to 
a value of 1.25, and is plotted on curve 6, Figure 5 of Reference 2. The ratio 
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Range 
(FtJ 

500 
500 
4000 
400 
400 
400 
400 
400 
400 
400 
400 
200 
200 
200 

0 
1 
8 
19 
20 
27 
28 
29 
0 
28 
29 

0.2834 
2.2670 
0.0 
0.0 
0.2834 
2.2670 
5.385 
5.668 
7.652 
7.935 
8.219 
0 .o 
7.935 
8.219 

0.8762 
0.2488 
0.0293 
0.0218 
0.0223 
0.0203 
0.0058 

0.0836 
0.0449 

Table 3 
Computed Power Density 

Power 
Density 
Ratio On 
Axis To 
Off Axis 

0.7677 
0.0619 
0.00086 
0.00005 
0.00050 
0.00041 
0.000033 

0.0070 
0.0020 

Power Density 
Ratio To On 

Axis At 
4000 Ft. 

25.311 
19.432 
1.567 
0.0217 
0.0120 
0 -0125 
0.0104 
0.00085 

0.0724 
0.0247 

10.325 

Computed 
Milliwatts 
PerSq Cm 
From 10 KW 

1 ..340 
33.90 
26.04 
2.010 
0.029 
0.016 
0.017 
0.014 
0.0011 
13.863 
0.09 7 
0.033 

Power Den- 
sity With 
Tapered 

Illumination 
From 10 KW 

1.340 
55.940 
42.970 
3.320 
0.048 
0.026 
0.028 
0.023 
0.0019 
44.220 
0.314 
0.107 

of the field intensity at u = 1 to the field intensity at u = 8 from the curve is 
5.40. The ratio for the same two points as computed is 5.70. This difference 
can be accounted for by a slight laxity in curve plotting. 

The energy density at 4000 feet range ( A  = 1) is computed in the usual 
manner, using the specified gain of the antenna (44 db) and the maximum power 
input of 10 kilowatts. The computations for the on axis field intensity (u = 0) 
required an evaluation of the Lommel Function at u = 0. This in turn required 
the Bessel Functions Un(0). Although these values do not appear in Jahnke and 
Emde, it was pointed out by Dr. F. 0. Vonbun that the values for Un(0) divided 
by 7" could be computed from the series solution for the Bessel Functions 
given in Jahnke and Emde. 

Field intensity ratios were computed for all values listed in Table 3 by 
the method described by Ming-Kuei Hu in his paper on Fresnel Region Fields 
of Circular Aperture Antennas, (Reference 2), for the case of uniform aperture 
illumination. 
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The last column in Table 3 is the energy density at the specified point 
in space when the attenuation along the beam is taken from the curve on Figure 9 
and the attenuation off the axis is computed by the method given by Hu in Refer- 
ence 2. This procedure gives the highest value for the power density since at- 
tenuation along the beam is less for tapered illumination and attenuation off the 
axis is less for uniform illumination. It is felt that more exact and possibly 
slightly lower values for the power density could be obtained by use of the taper 
illumination methods discussed by Hu in his paper, however, the computations 
involved are long and tedious by hand. The energy density data from Table 3 is 
plotted in Figure 10. This curve represents the envelope of the peak values of 
the energy density from the 30-foot S-band antenna when transmission is 1OKW. 
The solid curve is for a range of 400 feet and the dotted curve is for a range of 
200 feet. For comparison, the points computed by the analogue and the graphical 
methods are spotted on this curve. 

db Down Power Ratio Field Intensity Ratio 

0 1.0000 1.0000 

11. COMPARISON WITH EXPERIMENTAL RESULTS 

U 

0.000 

a. Radar Data 

It is further desired to check the results given by Hu against experi- 
mental results. Some test data on the AN/FPQ-6 Radar is given in an RCA re- 
port "Missile Precision Instrumentation Radar Set AN/FPQ-6 (Reference 5). 
Figure 11 is a graph of relative energy density taken directly from Reference 5. 
This curve includes a plot of the single lobe antenna pattern, and the dual lobe 
simultaneous lobe pattern. Since the single lobe pattern is used in transmission 
mode, this report is concerned only with the single lobe pattern. Table 4 is de- 
veloped from the information in Figure ll. 

Angle From Axis 

0.00" 

0.50" 
0.65" 

0.90" 

1.02" 

1.32" 

- 34 0.0004 

- 18 0.0159 

- 30 0.0010 

-24.5 0.0036 

-31.5 0.0007 

0.0200 
0.1260 

0.03 16 

0.0600 

0.0270 

4.528 
6.173 

9.266 

11.973 

12.9 10 
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Knowledge of the illumination taper used on the FPQ-6 is not availabel 
in the office. However, an examination of the position of the peaks and nulls 
given in the paper by Hu, suggests that the illumination taper lies between 
(1- p 2 ) O  and (1 - p2) ' .  

Average 
(Col. 1 & 2) 

0.00 
4.50 
5.70 
7.63 
9.25 
11.05+ 

Table 5 gives the position of the peaks and nulls, as shown in Figures 5 
and 6 from Reference 2. 

Average 
(Col. 3 & 4) 

1.000 
0.075 
0.110 
0.010 
0.043 
0.007 

axis 
1st null 
1st peak 
2nd null 
2nd peak 
3rd null 

1.000 
0.090 
0.145 
0.020 
0.060 
0.016 

Table 5 
Data From Figure 5 and Figure 6, Reference 2 

1.000 
0.060 
0.075 
0.000 
0.025 
0.000 

U For 

mum 
(1 - P 2 ) 0  

0.00 
3.85 
5.10 
7.05 
8.50 
10.10 

U For 

mum 
(1 - p2) '  

0.00 
5.15 
6.30 
8.20 
10.00 
12.00+ 

EBFor I E8 For 
(1 - P 2 ) "  l(1 - P 2 ) '  

nium nim 

The average position of the peaks and nulls given in Table 5 is in good 
agreement with the position of the peaks and nulls given in Table 4. The peak 
field intensity values are in good agreement, but, as may be expected, some 
considerable divergence is present in the null values. 

IlI. CONCLUSIONS 

The solution for the off beam intensity in the near field, like nearly all com- 
plex engineering problems, does not lend itself readily to an analytical solution. 
Likewise, it is not readily adopted to the usual automatic computing equipment 
which is basically designed for the solution of bookkeeping problems. 

It can be seen that the assumptions made for the analytical solution followed 
here limit the magnitude of the "off beam'' angle. The extent to which the accu- 
racy of the solution deteriorates with increase in "off beam" angle has not been 
investigated. It is consoling to observe that the points computed by the analogue 
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and the graphical methods a re  in good agreement with the analytical solution. 
(The graphical method is an extension of other analytical solutions which make 
other approximations .) 

The analogue method entertains the greatest potential for a more accurate 
solution of this problem, provided a suitable machine program could be devised 
for the adaptation to existing machines. If, however, a good engineering com- 
puting machine were available, say  a DDA-GP combination, a more suitable and 
adaptive analogue could be constructed. An improved analogue could include the 
obstruction due to the feeder system. The analogue used here was devised for 
hand solution. 

It should be remembered that the computations and these results a r e  con- 
cerned only with the radiation from the main aperture. Other sources of energy 
may be present. These include: 

(a) Energy leaking around the edge of the sub reflector of the Casse- 
granian System. 

(b) Energy leaking over the edge of the parabolic reflector. 

(c) Energy reflected from the feeder system and supports. 

(d) Energy reflected from the ground o r  from structures in the prox- 
imity of the antenna. 

The computations show that a field energy density of less than one milliwatt 
per square centimeter may be expected at angles of more than four degrees from 
the axis of the beam at a distance of 400 feet from the 30-foot S-band antenna 
with a 10 KW transmission level. Under similar conditions, the field energy 
level will be less than one milliwatt per square centimeter for angles of more 
than eight degrees from the beam axis at a range of 200 feet from the aperture. 

However, suppression of side lobe energy must be taken into consideration 
in all phases of the design of the feed system. The configuration of the horn, or  
primary emitter, and the subreflector must be such that the illumination taper 
on the main reflector approaches zero at the edge. The taper design must take 
into consideration the energy level in the remote side lobes as well as those 
lobes in the immediate proximity of the main beam. 

Care must also be exercised to insure that leakage around the edge of the 
subreflector, and over the edge of the main reflector does not result in field 
intensities greatly in excess of the aperture side lobe intensities computed in 
this report. 
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Figure 1 -Dimensions of S-Band Feeder System Proposed by Collins Radio Company. 
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i 
Figure 2-Circle with Coded Bands indicating Distribution of Energy Density. 
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Figure 3-Transparent Overlay with Circles Indicating Boundaries of Fresnel 
Regions. Scaled to Figure 2, with 400 Foot Range and A = 0.450 Ft. 
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Figure 4-Overlay on Figure 2 for Position on Axis of Transmitted Beam. 
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Figure 6-Distribution of Electric Intensity over Aperture. 
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Figure 8-Envelope of Peak Side Lobe Electric intensity for A = 0.1 Normalized 
to Unity on the A x i s  of the Beam. 
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1 A Computed By Anologw Method 

From Curves In Hanron Text 

s h n p u t e d  By Method Proposed By Hu. 
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Figure 10-Curve 1 - Envelope of Energy Density in Near Field of 30-Foot S-Band 
Antenna with 10 KW Transmission Computed Nov. 1964. SAD - GSFC. 
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Figure 1 1  -Antenna Pattern Test Data from AN/FPQ-6 Radar Set. 

22 


